Introduction
============

Hypereosinophilia (HE) is defined as an eosinophil count in peripheral blood \>1,500/mm^3^. The World Health Organisation categorizes eosinophilia into mild (600--1,500/mm^3^), moderate (1,500--5,000/mm^3^), and severe (\>5,000/mm^3^). An increased number of eosinophils can be potentially associated with organ damage.[@b1-mjhid-10-1-e2018034] HE can be distinguished into primary, secondary, familial and idiopathic. The primary form is a clonal disease classified in the context of hematologic malignancies.[@b2-mjhid-10-1-e2018034] Secondary (or reactive) HE is caused by underlying conditions, such as parasitosis, allergic or autoimmune diseases, or drug reactions, and results from a non-clonal increase in blood eosinophil levels, often driven by the overproduction of IL-5.[@b3-mjhid-10-1-e2018034] Hereditary (familial) HE (HEFA) is a rare autosomal dominant condition, characterized by HE associated with end-organ damage. Idiopathic hypereosinophilia (or hypereosinophilia of undetermined significance) (HEUS) is a diagnosis of exclusion which can be considered when all causes of a reactive HE have been ruled out. Rarely, a severe HE can be associated with organ damage or dysfunction, in the context of the so-called hypereosinophilic syndrome (HES). In such cases, the tissue infiltration by eosinophils can result in cell damage, due to the release of eosinophil granule contents, thus leading to significant morbidity.[@b4-mjhid-10-1-e2018034] Severe hypereosinophilia (HE) is a rare condition in children. The etiological diagnosis of this condition is often challenging, with a possible delay in treatment.

Case Report
===========

We describe a case of a 30-month-old boy who was admitted to the Pediatric Clinic, University of Sassari, Italy, with a 7-day history of fever. Two weeks before hospitalization, the patient had had a transient episode of diarrhea. Just before admission, laboratory tests revealed a raised white blood cell (WBC) count of 49,920/mm^3^ with an eosinophil count of 26,310/mm^3^, mild microcytic anemia (11.1 g/dL) and high serum total IgE levels (968 UI/mL). The child lived in a rural area of the Mediterranean island of Sardinia, in close contact with animals, and had never experienced any medical problem. Moreover, the history revealed that the patient was not atopic, had been regularly vaccinated, and had not received any pharmacological treatment before hospital admission. Moreover, he had no history of recent travels.

On admission, the patient was apparently well, afebrile, with no other clinical manifestations. At physical examination, there was no evidence of hepato-splenomegaly and lymphadenopathy. Laboratory tests showed an increase in both WBC count (WBC, 58,020/mm^3^), and eosinophil count (eosinophils, 33,400/mm^3^; 57.5%); in addition, a moderate elevation of CRP levels (2.85 mg/dL) was found, while serum electrolytes, hepatic and renal markers were normal. Anamnestic, clinical and laboratory findings were considered suggestive for neoplastic or parasitic etiology. In order to exclude a neoplastic HE, a peripheral blood smear and a bone marrow aspirate were performed. The former was normal except for the raised eosinophil percentage, while the bone marrow smear showed an expansion of the eosinophilic lineage (90%) in the absence of blasts. RT-PCR excluded the presence of leukemia-associated genetic abnormalities, and lymphocyte subpopulations, when analyzed by flow cytometry, were normal. In order to exclude a parasitic etiology, the major types of helminths and protozoa responsible for infections associated with hypereosinophilia were investigated by examination of fresh stool, "scotch tape test" (specific for *Enterobius Vermicularis*), examination of urine, and serologic testing (Echinococcus, Toxocara canis, Cysticercus and Trichinella sp.). All tests were negative for parasitic infection. Chest X-Ray, Doppler echocardiography, abdominal and pelvic ultrasound as well as an eye examination excluded thoracic, abdominal or pelvic lesions and eosinophilic organ infiltration.

During hospitalization, blood eosinophil count further increased, reaching the maximum value of 56,000/mm^3^ after six days. Under suspicion of parasitic etiology, mainly driven by the patient's living conditions, and to prevent possible organ damage due to eosinophil infiltration, empiric treatment with albendazole (15 mg/kg/day) was started. After only 24 hours, the eosinophil count was 21,000/mm^3^ and continued to decrease in the following days ([Figure 1](#f1-mjhid-10-1-e2018034){ref-type="fig"}). On day 13, blood eosinophils were 6,700/mm^3^, the clinical condition was satisfactory, and therefore the treatment was discontinued, and the patient was discharged home. The eosinophil count was found to be within the normal range one month after the end of therapy.

At three months after discharge, IgG anti-nematode antibodies were detected in serum samples from the patient and his father by ELISA test (using raw antigen), which was performed by the Italian Higher Institute of Health.

Discussion
==========

Hypereosinophilia can be associated with many infectious, neoplastic, immunological and genetic diseases, or to drug reactions. Therefore, a careful family and personal history is mandatory to investigate conditions related to eosinophilia, such as atopy, medications, diet, travels and environmental exposure to parasites.[@b5-mjhid-10-1-e2018034] In this case, the specific living environment of the child, a country farm with close contact with animals, played a central role in generating our diagnostic hypothesis. In details, an atopic condition was excluded based on the dramatic increase in eosinophils and the history of fever. On the other hand, a neoplastic etiology was ruled out by performing peripheral and medullary smears, RT-PCR and lymphocyte subpopulations studies. Eosinophilic Granulomatosis with Polyangiitis (EGPA), a rare systemic necrotizing vasculitis, was also taken into consideration in the differential diagnosis, but it was ruled out because of the age of the patient, the absence of history of atopy, asthma or rhinitis, as well as the lack of signs of vasculitis and extra-vascular granulomas.

Finally, a parasitic etiology, which was supported by the patient's history, remained the most likely option. In this regard, it is known that the specific diagnostic characterization of a parasitic intestinal infection is difficult. A wide variety of parasites can elicit eosinophilia,[@b6-mjhid-10-1-e2018034] even if only relatively few of them can be responsible for such a marked increase in eosinophil levels.[@b7-mjhid-10-1-e2018034] The pattern and degree of eosinophilia in parasitic infections result from the development, migration, and distribution of the parasite within the host, as well as from the host's immune response. Parasites tend to elicit marked eosinophilia when they or their products come into contact with immune effector cells in tissues, particularly during migration. When mechanical barriers separate the parasite from the host, or when parasites no longer invade tissues, the stimulus to eosinophilia is usually absent. Therefore, eosinophilia is highest in infections with a phase of parasite development that involves migration through tissues (eg, trichinosis, ascariasis, gnathostomiasis, strongyloidiasis, schistosomiasis, and filariasis).[@b8-mjhid-10-1-e2018034] Detection of eggs, larvae or adult worms in feces is necessary to make a diagnosis. However, being very difficult to obtain, a negative examination does not allow to exclude a parasitic infection with certainty. The rapid increase in eosinophil count, the potential risk of evolution to the hypereosinophilic syndrome or to organ damage,[@b9-mjhid-10-1-e2018034] and the history suggestive of a parasite infection prompted us to undertake an albendazole-based empiric therapy. Albendazole is a safe medication, and its use is promoted by WHO to control the infection in high endemic areas, even when an exact diagnosis is lacking.[@b10-mjhid-10-1-e2018034] Also, empiric albendazole therapy is recommended by the British Infection Society in returning travelers and migrants from the tropics to cover the possibility of geohelminth infection as the cause of transient eosinophilia with negative stool microscopy.[@b11-mjhid-10-1-e2018034] In our case, the treatment was readily effective, leading to a steep decrease in the eosinophil count in just 24 hours. Therefore, the diagnosis of parasitic hypereosinophilia was challenging and required an 'ex-iuvantibus' approach, while the diagnosis of nematode infection was established by serologic testing only three months later.

The picture of extreme hypereosinophilia is rare in childhood. The etiological diagnosis of this condition is often challenging for the clinician, and this may lead to difficulties in deciding upon the specific choice of treatment for individual patients. The case described here can be considered emblematic of this hematological condition and offers the example of a diagnostic-therapeutic approach that might be applicable in similar contexts. Based on this case report and the literature data, we can conclude that an empiric anthelmintic treatment is justified and potentially decisive when hypereosinophilia of parasitic origin is strongly suspected.

**Competing interests:** The authors have declared that no competing interests exist.

![Blood eosinophil count changes with albendazole treatment. Black and white arrows indicate initiation and end of treatment, respectively.](mjhid-10-1-e2018034f1){#f1-mjhid-10-1-e2018034}
